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. INTRODUCTION .: .. ... .;.,.. ;.:. .

,.. .. -—.. . ..— ..
.’, .. .- :. .

Although a number of invest igati~ns of the ‘be’ari”hg- ““
strength of aluminum alloys have been made (see refer—

-. . .

ences 1 and 2) , the pro bl~m” remains one of considerable -
interest to the aircraft xndustry. I?or this reason it .,..r~___~_
has seemed advisable to make additional tests of the

=.-=_

commonly used aircraft alloys in an effort to establish
a better basis for the selection of ,allowa~le bearing j

..___

values. Current design practice does not r-ec:ogi~~he
------

effect of. edge distance upon bearing strengths ,’and “for
this reason., edge d.i.stance was o.?e of the p% %’a.ci~-~l”‘va-ri=:
ables COHS i.d.ered. iu this inves,t.igat’i~on.~“.~h–s..in.tiea sing
enphasi~ being placed upon permanent set lig”itatioris

..— -———.:+-_“: ----.-
makes it .essent ial that mo”re “in-~orma”t.~on on bearing yield
phenomena be obtained.

,.. -.,...- ...., -:- ..- ,___ —... .—

,,The object of this invest igqtiom was .to determine
bearing yield and ultimate st.r~ngths of th”e follow~g ““
alumimu.m..~lloy products : 17s–!@, 24S-T , Al clad 245–T; “. -
24S–R.!I, 52S–0, 52S-1/2H, 52S-H, 53 S-7?,‘~n-d61S-T! sheet ;
A51S-T anti.14S-T forgings ; and 24S–T ~ 53S.–T and .61S–T ..=___‘“--
.extrusioqs . Ratios of these bearing pro-pei~i-es to ten-
sile properties were also deter mined.’ “‘“. . , ——— ..-..----=-—=. .._

... . %

.. —-.,.---,
.,. ~_t&T=jjIAL““,‘-: .}””--:- ‘ . .-j
., ,..,-

.... .. ..,

The sheet used for. ,these tests ‘~as 0..66-& by ~“~ %y
-=.

2f)-inch. Bearing specimens were cut yarallel .to the 20- – ‘“
inch dimension, which ~as &lso parallel to the direction
of rolling. The extruded material was obtained in the

---

J form of die No, K~~29:34-0. l’i~re,.ls.shows a sketch of this” -’~~
secbion and. indicates the’ pori~o~-”used- for- the “b&”aring”‘“ . “-

-.

specimen=. The forgings were obtained in the form of”l/4- .-....+-..-+— ..- ..__..- ._
—

-,
.. . . . . ..
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by & by L%inch ~amp.X66 :.i&lbhwere machined to a l/8-
inch thickness for test.

Yhe tezisile properties given”in $able I indicate
●

that the aaterial used was typica~ of commercial produc-
tion. The ultimate strengths ranged from 7 to 17 percent
higher than the guaranteed minimums (see reference 3);

>

the yield strengths (wtth-grain for sheet) were from 11
to 30 percent higher than the latter. In only one case
(53S-T! sheet) was the elongat~o~ value (with-grain) less
than that specified.. .:

PROCEDURE

l?he bearing tests involved loading single thick–
nesses of material in bearing on a .O.2.5+inch-diameter
steel pin, inserted in close-fitting dr:ill.ed and reamed.
holes, All specimens were 2 inches wfde”and were
tested in triplicate. The sheet specimens were loaded
in the direction of—the grain. The tests were conducted
in the 40@O&poumd .capaaity Amsler test”ttig’.laachine .“.
(type .20 ZBD&, serial no: 4318) using the loading fixture
shown in figure 1.

!i?hemeasurements of hole elongation under increasing
loads were made with a filar micrometer microscsopo, read–
ing directly to 0.01 millimeter and, by es,timation.to
0.002 millimeter. These measurements wore taken between
two reference marks: one scribed on a shoulder on the
underside of the pin, in the plane of the ehoet; the
other scribed on the specimen directly under the pin.
Edge distances, defined as the distance from the edge+ of
the specimen. to the center of the hole in the direction
of loading, were 1.5$ 23 and 4 times the pin dfametcr.
Tests at alI three edge distances wore made on each spaci-
mon by ,shearing or sawing off the damaged end after on.o
test (about 3/4 In. below the center ofithe damage hole),
and redrilling at a new edge dietance.

.

RJ3SULTS MTD DISCUSSION

Table II gives the results of all the bearing tests.
The bearing yield.strength values were obtained from tho
bearing stress-hole elon~tion curves shownin figures 2

.“

—.
..
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to 15; tlsing an’ bffsbt “fi*o& the i;~tial 6tiaight+li.ne” ‘,
port-imi. of -the curves’ 6~u&ll to “2”pbrc~ti% qf ‘$hb yin,&i-
ameter (0.005 in.). Table 11 also indicate s”-ihe ‘typ6& ‘--
of failure o%tained. For etke distances of 1.5 and. 2

—.

times :the .pi”n di.meter, ‘“fail~.res”b“ecur~e~. by shearing or—
._r.——

tearing. out”a portiou of the spqcihsti in the margin ‘aboye
the pin. l’oz+edge distances of 4 bimes” the ~.in diamat-eti!
failures occurred ly upset tirig ~d crushing the rnefal :
above the. pin for all eases ‘exc”@ti”t~”e‘fo-rgingjs, wh~cti~
failed in-’slieaf:as “for the smaller: ~e,dg~e-distance-s. ., ;

.....>.___... ., ..
. .

One of “the p“rtmar~ objb’cts ~?f ;~h’is‘iriYestigption “tis
t,o.obtain ;ili.f.armati“on % o atd in e,st’ablitiliig‘typical “
rat ios. ef.-%’aaring to -t.en,’siilepr”o.p”+rt”i”esf’or”the alum in”ti’
alloys” domnonly used iti-aircraft . - Table III summa~~”z%Z-
the average ratios obtained. These results have been
arranged according to si~ilait~ of bearing -stre-ngth -
characteristics into two fairly ‘well-defined group s:..
Group 1, including the alloys having tens~le strengths:
ranging from 64,500 to 7’7,900 pounds per square inch;
and giioup 2, including the alloys having tensil$ strengths
ranging from 28,600 to 4’7,300 pounds per square inch,
Ratios of tensile yield to ultikate strength averaged 0.79
for. tlze,”first group; 0.00 for the second, - eicludin.g ,52S-0.

,.

As ~~ould .be exq?ected, there are a few borde?lttie cases -
where t“~e hearing -strength ratios might be placed in
either group, but , in general, the highest, ratios of bea~
ing ultimate and yield strength to” tensile stre-ngth for
all edge distances were obtained for the .qlloy,~’w“ith~n
the lower range of tensile strength-s; $h-e~~west ‘rat$.o~
were obtained for the highest strengt~ ~“aterials,

.’, ,.. .

------ ._..,.
---- >.

.—--

.

—— .

—

The relative .im.portance of ,the var~ous properft. es
influencing bearing strengths is , of ~course, not kno-wn.
It seems’ reasonab~e to assume that therfiighest ratios o+
bearing ultinate to tensile strength .shoul’dbe- exhibiteii
by materials having low ratios of tensile yield. to ulti- “-
mate stirength, combined with ductility or $he ability to
withstand highly localized plast ic def ormat ions ~~thout.;
fracture. Of the materials in &.oup 2:,“s~btiitigthe, high–
est rat>~s ..ofbearing ultimate to.tonsil e#&t’rengfh, .
52S-0 is. the only one meetfng both of these re~uirgments.
‘I?heratios of tensile-yield to ultimate ‘strength of ‘the
other materi Qs in group 2 are, with one exception, -,
higher than for group 1, yet the “influence of this factor ‘
was ap~are~tly moTe than offset as far a’sultimate b8ar-
ing strengths were ,concerned %y the greater. duct ility of

.. ., -., ---..- —

-.

–.!-

—
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the lower strength allo~s. The superior forming charac-
teristics of this.group” of materials are generally rec-
ognized~”

‘ Bearing-yield strengths$ it appearsl ‘should be re--
lated in some way to the other yield-strength character-

.istics of & material. Although the state of stress
developed by a “pih or rivet in.bearing is obviously com-
plex, it, is not surprising that the betiing-yield to
tensile-strength ratios shown in table III increase with
increasing ratios of tensile yield to tensile strength.
From the approximately Iinear”.re lat ionship observed be–
tween these ratios for both groups of materials, It fol-
lows that the ratios of bearin~yield to tensil.eyield.
strength f--orany one edge’ distant-e should he fairly con-
stant. The uniformity of these ratios suggests that they
provide asimpler and perhaps a more rational basis for
expressing bearing-yield characteristics than do ratios
of bearing-yield strength to tensile strength which, as
shown~. may vary appreciably for different materials.

.. .

●

One of the interesting observations to be made from
the results of these tests is that the increases in hear–

*—

ing-yield, strengths for edg_e di~tances ~reate~than 2
—

diameters were not as pronounced as- in the case of the r

ultimate bearing strengths, This w’as particularly true
of the materials in thq lower tensile-strength group. ““At
an edge distance of 2 diameters; moreover~ the ~bari~g-
yield strengths averaged abbut two-thirds of the ultiinate
bea&ing strengths. According t-o present .alrcraft-design
procedures ,’“in which the stress at yielding generally con-
trols design if it is less than two-thirds of the ultimate
strength (“tiltimate factor of safety = 1,5), it app”ears
that bearing yield rather thah bearing ultimate” strength
will %e%he controlling factor in designs for edge dis-.
tances greater’than 2 diameters..

It should be emphasized in connection with anY ana2y-
si,s of these data for design pur~os?s that the bearing
strengths given were all obtained from tests of 2—inoh-
wide specimens, 0.064 to 0.125 inch thick, loa”d.edparallel

#

to the direction of the grain through a 3/4--inch-diameter
steel pin. Under. other test conditions somewhat differ- *-

ent bearing values would have been obtained. Zable IT
gives a few data”from other t-ests relative to’ the effect
of specimen proportions and direction of”loadi’ng upon the
bearing pro”pert-tes of 24S-T sheet, Of principal interest
is the fact that the ratios of bebring-yield to tensile-yield
strength were higher for the cross-grain direction (X) ’than
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for the with-graih dir&ction” (W).”” Thes6-c~os&-grain
ratios may, be approximatgmi” by multiplying the tiit~+rai~
ratios by the ratios of ‘the.tensile yield stren~th. wi%h- - ‘-

d grain to that acres-grain. * Ratios “of b~arf.ng ultimate
strength to. t ensile strength foti”.’.the” ‘cr–okk-grain d.~reb

..,.tion iaa~ likewise be estimated %y ‘iultipi$in-g” the witfi–
-(

grain. datibs by the”ratio of the *6nsi16-”strength”
with-grain to that across+ graini “Zt’ Zs concluded from
these. observations that “acttialValues of “bkaring’y”$e~d ‘–
and ultimate strength ”’(not ratios to tensile” Properties)
show no sigzii.fic~nt directional characteristic-s.

.——
This &e-

suit is consistent w&th the indi”cations of earlier be&ring
tests.

., ..-. .-.

Ta%le IV also indtcates that the bearin~yield s%rengths
obtained from specimens havitig a gross wtdth equal to four
times the pin diameter .(W = 4D) were esseniia~ly the “same
as fo~nd for specimens having a width of 8D, which was the
width proportion use& for the tests of this investigation;
l?he ultimate bearing strengths of the specimens havi~g a –
w,idth of 4D were about 5 “-perc&ht less than obtained for
the wider syecimenso “--=-- -“ .

. .. .—

Ratios of pin d.iamet& to material thickness (D/t)
apparently have little ef$ect upon bearing strengths, pro-*
vided- D/t equals 4 or less. For relatively larger “pin
diameters , decreases iti-k~~~tiate bearing strength maj le
expected as shown in table IV, Although not indicated in
the table, bearing–yield strengths @r,e not influenced by
ratios 05, “.D/t provided the require”d yield strain (0.02D)
can be .pr’od.uced..before ultimate b“ear”in&,‘~~ilure occurs.!... ..“’ .’, :... ,..,,: !i!ableP. ~.iv.esa su,m’ii~,ryof the ~at ios selected fr om.-
table Zill .%s.& .“t”~ntat.i~e~asis for pr”edict~ng no~-~nal--
beqring values for the al~oys and products considered.
‘It..sh~u~-&-b“e‘~~pha~i~e.d“t~a~ the” .r~tios pro~ose-d fo-r. sheet...
ma%el*.i”al~.a.r”ebased ‘on “bea&ihg tind tensile tests made ii
the with~gr”ai’n’ direction. “

._——
Since bearing proper ti~~ do ‘.._

not show marked directional cha~act~er istics it follows
that ratios of bearing to,$ensi~e properties across—grainb will” be somewhat higher” th~ shown in table..,ZII, T-he.
gr=atest clifference wil-1,:b-efound .in the -cS&e of ~aji$os
of bearing” yield to “te”nslle yie~d s’trength, S~DC{ ~the,.
latter property”- f or’.fieit”alh cases ‘is-“aorm~lly’:ki&her-.in
the with-grain dir~ebti-on ‘thin iq ‘+h.ecross-grain dir ec~ion.

. .

‘See table 1-1, ANC~5 , 1942, for relations between with-
and cross-grain propert ies of aluminum-alloy sheet .

--

.-

.+—.

.
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.
—
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Th? ratios giyon for,17S-T and pl~in.and Alclad’.~ ~
“24S--!Zshoot in table .V are in. substantial agreement with
values .ohtained in mrevious bearing tests of these alloys
in the form of ~h,ee~.. The ratios ~~ven, for the thin -
24S-T extruded s,ections ,.hqweverl are not necessarily .
representative..of- the” behavigr likely to he obtained i.~
thicker extrusions, Table ,V includq~ for example, a
set of ratios rec,e~t>y obtained. $or::3~-inch thick 24S-T
extruded. sections .hay$qg aw,~a~ge perceq.tage of unrecrys-
t@lized material with ..tensile st~’engtlas.sl$.ghtly over .
80,000 pounds yer square inch; The ratios of bear~ng to
tensile properties for this 246--Z!were a~preciably lower
than any obtained in the present tests. Comparative
data .for thick and thin forgings of A51S-T and 145–T are
not available.

It is quite evident frem ta~2e. V that -one set of
ratios of heqring to ~ensilg properties cannot be given
to cover adequately all the wrought-aluminum alloys in
their various commercial forms. The ratio of bearing
ultimate strength to tensile strength of approximately
1.4, currently qsed for most alloys in aircraft design
(see reference 4) is satisfactory for edge distanoes of
1~5’di~e~ems.3ut ~ppeara u~duly conservative for edge
d~stapces of 2 diameters or greater. It is believed
that the influence of edge distance should he recognized
in the selectign. of.,alJ.owable bearing values..,.

...

CONOLUSION~ ‘ ‘

.-.

Ths,resul$s:of this investi~ation: of-the bearing-
.

strength chara:tebisties of a n~m~ei. of–aluminum alloysj
in the form of sheet, thin extrusions,. and thin forgings
loaded “$@ %ear~n& through a,steel piDy,,l/4 inch in:dia.m-

.-

eter , se’e~ to warrant the folloiing: coi”clus”ions: ....-
. .

1. khe. be&in&qtr&igth datk pre6’e~ie~ were ohta~ne~
from materials representative ~f commercial .tiroduct%on.
!TableI gives a.s~rnary of.tensile propertied. - “ .. .

?

. .—

2: ~able, ,II gives bearing yield and ult~ma.te stren~ths . .
.’ ~or All materials for edg6 dis,tan,ces of””l.5, 2 and 4 times

the.diatieter of the pin, Although.: the .high.est bearing
values were obtained for- the”largest edge ,dist.ante, the

●

increases in bearin~yield strengths for edge distances
greater than 2D were not as pronounced as in the case
of the ultimate strengths. — —
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3. .3e&rin~yield strengths are apparently !el Rte_d .
to the other yield characteristics of a naterial and
therefore tend to approach. an upper limiting value as -
edge di~tagces are increased. Bearing ultimate stqe”ngths,
however, reflect the ability of a material to with-stand
highly localized plastic deformations without fracture.
Because of th~ upsetting that may occur ahead of the pin,
accompanied by an increase in effective %earing area,
extreiiely high values of uli inate bearing strength nay be
obtained for large edge distanc~s in ductile” naterials.

A All specimens with edge distances of 1.5 and 2
times “{he dianeter of the pin failed bY shearing or tear–.
ing out a,portion of the specimen in the margin Above the
pin. Specinens wit-h edge dis”t-arice8of “4 diameters failed
in bearing by crushing or upsetting the tietal above tho
pin, except in the case of the forgings which failed in
shear, as for the smaller edge distances. —. —— —

5. The ratios of %oaring yield and ultimate strength
to teasi.le strength given in ta~lo III indicate that all
tho natarials tested nay be placed in two rather well do-
fined groups r ono including the ,alloys having tonsile
strengths ranging fro~ 64,500 to 77,900 pounds per squaro

—.,

inch; the other including tho alloys having tensile strengths ‘“
ranging fron 28,600 to 47,300 pounds por square inch. . Tho
highest ratios of bearing to tenstle strength were found - _.

—

for the natorials in the lower tensilo-strength range. .- —
—

6. Eatios of bearing yield: to tensile ultimate
strength varied almost linearily with ratios of tensile
yield to ultimate strength. Ratios of hearing–yield. to
tensile-yield strength, however i were practically “con-
stant for all naterials, particularly for edge distances ,
of 1.5R an~ 2D. !I!ensile-yield. strengths therefore ap-
pear to provide a siayler and p8rhaps a here rational
basis for ex~ressing bearing-yield characteristics than
do tensile ultimate strength s.. ;

‘7. I?ron a liuited nunber of tests of 24S+I! sheet ,
sunnarized in table IV, and the results of an earlier in—
vestigation, it appears that bearing yj.eld and ultimate
strength-s do not efi ihit marked directional characteris—
tics. In view of the difference which exists in some
cases between tensil+yield strengths in the with– and
cross-Grain directions, ratios of bearing~ield to tensile–
yield strengths in the cross-grpin “direc~i.on may he hfgher
than shown in table 111 for the. with-grain dir&ction,

.—

—
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8’, Bearin&yiel@ strengths determined from auxiliary
specimens .hav,ing a gross width of only four times the pin
diameter were essentially the same as determined from
,speciznens having a width of 8 -diameters~ the proportion

,

used in these tests. “Ultimate hearing strengths for
sPecim ens having a width of . 4D were about 5 percent less -,.
$hAn for a width of BD. Ratios of pin diameter to mate-
rial. thickness (D/t) had little effect upon either
bearing yield or ultimate strengths for ,v.ilues of D/t:
equal to 4 or 16ss. Yor” highqr D/t ‘ratil OS”j” decreases
in bearing ultimate strengths rnu”stbe exp”ected, as shown
in table 17.

,.

9. Table”V presents the r~tlos of bearin~to-ten–
sil:eproper ties proposed from these tests a:s”-ti.tentative”
basis for predicting nom$nal bearing valtie’sfor the ‘ ..
aluminum alloys and products considered. .“”. .

Lo. Edge distance is a sufficiently important ,factor
te” be ‘r.e~ogni.zed in the select t’on of allowable %eari.ng
vmlue’s. ; It is believed that cbnsideratfon’ of this factor
will “permit some increase in bearing values over those
cunrently used in design.
,.-..,. ,

...... ,,,, .
Alumt’nti Research Laboratories,, .. !

“Aluminum Coqpiny of Arneriba, ““.: . t “ .“ ‘.
.“.: -,--Mew ZIenslng.ton, ?.a-, April 20,’ 1QLJ3.-.

., ..”’ ,,
,. . . . . . . . . .

,,

“ j%EmlmN CES‘.

rl. Brown, C. G.’ and Carpenter, S. R.: Tests on’Aluminum
Alloy She&t to Determine Allowable Bearing Values.
A. C. I.C.,~oY. 691 ; I.iateri.elDiv. , Army Air Corps , ].934.

v2. liiller, Roy A.: The 3earing Strength ‘of Steel and
.Aluminum Alloy Sheet in R}veted or Bolted Joints”.

..~,our. Aero. Sci .’,Wol. ~; l%’%”?,,.
~.;:

,.,t~’a~”~f
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1943. ..’
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(P. T. No. 040642-C)
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17S-T
243-T
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5*T
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85400
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37800
39200
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!%%
31600
34700
36000
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RATIOSOr AVERAGEBEAfWR3PROPEKCIESTO TENSILEP20P%i!J!I=

Form of
&terial

(P.T. h. 040642-C)
●

Ie-
L9L

Es-1-A1.1.yTe~er
TSt
psl

64600
73000
65400
77 900
64500
70 700

28530
mm
37800
40403
45 200
36 700
41.700
4’7300

D.diem

ITS,
psl

47 100
55000

E%

%%

.

Lea

M
1.71
1.S9
1.62

1-96
1.9s 1.
2.00 1.
1.83 1.271.542.321.41
1.91 1.331.692.451.49
1.97 1.441.632.651.45

2.23 1.102.512.331.15
Z.08

t

.431.612.841.46
2.06 .391.673.131.42
2.2a .441.623.201.
2.ls 1.501.633.231.%
2.19 1.461.593.101.47
2.2J.1.471.583.351.51
2.36 1.531.643.2s1.52

172-T
MST

IAle. 243-9

!&F
MS-T

Sheet
Sheet
Sheet
Sheet
Thin xt.
Thinforgings Ill

0.73 1.49 1.03 1.41
:.;; 1.52 1.06 1.4.

1.53 1.06 1.37
0:82 1.45 1.15 1.40
0.79 1.’541.12 1.42
O.w 1.46 1.21 1.35

l&aQ.zll
12600
34 700
31 m
36 Oou

8!%
44200
Peteel
ul_-i_
0.44 1.,680.91 2.07
0.89 1.61 1.31 1.4S
0.84 1.W 1.23 1.47
0..S9 1.65 1.31 1.470.52 1.59 1.27 1.36
0..92 1.62 1.32 1.43
0.93 1.64 i.3S 1.43
0.93 1.57 1.31 1.41
pin (D/t-4 orless). S

M
1.70
1.*
1.66
La
1.62
1.63

Ieoimene2 in. wide loaded parelleAllbeeri~ testeon 1/4
todiraotlonof grain.
ES - Bearingstreogth
BY’S- Bearirgyieldstrn@ (offe t -0.02 x pin diameter -0.005 in.)
TS -!Tensilestre~th!=$-~n?
‘ITS- Tanaileyieldetrengthoffeet-0.2 peroent)(with-gain)

● 5 per oentAloladooatingon eaahside.
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All

Temper ●

178-T

846-T

Alo.24s-

.. .

24E-RT

52s-0

588-H

<,

t--538-T

I
I616-T
t

; 145-T

EA51S-T

a48-T

,.

TABLEII.- BEARIMG STRW3THS OF ALUMISUM ALLOY SHEET, FORL?IMGS, ASllSXTRUSIOM8

Form of
material

sheet
Sheet
Sheet

sheet
8heet
Sheet

Sheet
sheet
sheet

Sheet
Sheet
Sheet

Sheet
Bheet
Sheet

Sheet
Sheet
sheet

Sheet
sheet
Sheet

Sheet
Sheet
Sheet

Sheet
@eet
.@eet

Fozging
Forging
Forging

Tor@ng
For@ng
Forging

Ertruaior
EXtWiOI
Xxtruaior

3Xtrue.ior
Xxtrudox
Extruaio:

Ewtrueio]
Itctruaiol
Bxtrusiol

(P. T. Moo 04084a-0)

BEARING STRESOTHS , (Pal)

Iylc Teet Dige dietanoe = Type I.$igedietanoe- Te Id e distance . T
num- 1.5 x pin diam. of a x pin diem, 3 4: pin diem. w

thlck- ber fail- ftil.-
neee

faxL-
Ultimate Yield.* uef UltimateYield* UretUltimta Tield% ure~

(in.)

0.064 3. 95,810 67,503 s la8 ,1S0 !78,500 s 18B ,0S0 83,600 B
.064 a 96,460 66,000 s
..084 3

1%,770 ‘76,600 8 167 ,4a0 85,600 B
96,450 65,503 8 la6 ,4iW 76,500 168,130 85,CW)0, B

AV . 86,a40 66,350 s 126,450 [77,150 ‘8 167,ao5 184,660 B
,-----

O:g; 111,800 76,600 s 144,800 90,000 s
;

176,970 100,OOO B
110,OOO 77,000 8 14a,900 90,000

.0s4 3
17a,~ao 9?,500 B

ua,lm 77,600 s U4 ,Soo 90,000 - .;....,189,700 99,000 B
Av . 111,100 77,650 144,165 90,000 17a,930 98,860

0.0s4 1 98,500 69,000 8 la8,000 78,000
.2%4 a

145,570 03,500 B
96,800 6?,500 s 134,400 “79,000 :

.064 3
150,630 87,500

103,Cxxl 70,500 s 12s ,100 79,m 8 163,S20 86,000 :

Av. ml, 100 S9,W0 130,500 78,6&2 153,376 85,650

0.064 1 ua, 4ao 90,000 e

I

143,870 99,6CQ s 183,000 llo,boo B
.Ck!4 a 113,400 90,000 s 141,410 97,500 s ua, oao ‘=0,000 B
.C%4 3 KM, 5s0 90,000 6 14a,840 ,99,600 8 177,480 110,000 B

Av. lla,800 so,000 14a,640 ]98,850 160,836 110,w

0.0s4 1 Sl,aoo a6,500 s “63,34)0 31,700 ,8 S8 ,100 31,500 B
.064 a 48,800 a5,600
.~4 3 46,600 a6,500 : %’!% ~ww :

;:*Z :J,6~ ;

Av . 4s,a~ a5,900 63,800 ~31,400, 96,400 3a,900.—

0.064 1 57,000 45,600 “s 76,300 6a,500i s 119.430 54,000
.064 a 55,Soo 46,000 8 77,aoo 5a,5W 117,400 53,500 :
.*4 3 57,600 47,aoa 8 ?8,000 53,300 j .; lls,a40 63,500 B__

AT. 56,870 46,350 ?7,835 5a,760 11B,355 53,650

O:Os: 1 63,6C4J 5a,100 8 63,000 67,2cnl 8 113,4420 67,tn30 B
a 63,81XI 5a,000 s el,aoo 56,700 8 111,200 6S,000 B

.0s4 3 62,800 50,6CJ0 s 80,000 54,aoo a 1W,8CQ S7,000 B

Av . 63,400 61,600 81,400 56,000 111,100 57,300

0.W.4 1 65,500 5a,800 s 92,300 6s,000 s 188,200 60,200 B
.CM4 a 66,000 52,200 s 91,000 6s,300 s Ml. ,Soo 69,2W B
.C64 3 67,800 53,700 s 9a,300 5s,300 s 137,s00 SS,500 B

AV . 68,4S43 6a ,900 61,866 15s,acw
-——

129,366 5s,650

0.C64 ?0 ,800 58,CCQ s 98,aOO 67,0CKI s
W&

144,790 60,000 B
; 70,400 5S,3CX2 s 98,200 68,S00 8 146,630 69,@10

J
3 94,0CQ 60,500 s e8,8cn) 69,500 s 146,710 09,000 :_

AV . 71,730 67,a60 98,4CQ 167,750 146,710 69,000

0.la5 L 103,4s0 97,000 8 140,030 103,000
.185 a

191,455 S8mwo 8
103,180 S3,500 135,870 loa,~ :

.las 3
177,140 104,000 s

102,800 S5,500 : ua,4w 101 ,“000 “s 1s4 ,030 106,000 s

Av . 10a,850 \85,550 139,4W lea,ooo 187,576 loa,660

o .la6 1 73,s00 5s,500 8 Ila,740 75,600 8 160,120 70,000 8
.126 a 73,410 6a,CQo ua,740 71,0Q0
.125 3 7s,5s0 66,m .:

: 115s,s00 7L,SO0 *–

109,210 71,000 147,4s0 74,600 8

Av . 74,2s0 6a,150 H1, E85 7a,500 155,08 0 ’73,000

o.om 98 ,S90 71,000 6 ;;; ,39: &O& d :::, ;;: !&g :
.070 ; 98,890 71,500 s s
.070 3 100,000 74,000 s 126:CXM 89:000 8 !160:=0 95:W0 ??

Av . 99,a60 I7a,L50 123,a45 85,650 ! S 1167,6S5 96,S50
I

0,070 1. 60,8s0 149,500 8
.070 a

S3,S2W 5s,000
5S,8a0 ~48,500

8 1117,060 55,500
79,120 53,600 S 116,760 55,000 :

.070 3 68,a90 ,47,500 : 77,7m 61,600 8_ 107,710 61,500, B
Av. 59,3XY 148,500 80,aao 53,650 { 113,S46 54,0CKI

i t
0.070 68,s20 166,000
.0?0 i .: \ 93,24o 61,w ~ S

I

139,71004#000 B
68,410 65,000

.070 .3
91,690 so,500 +El 138,550 62,000 B

68,840 16S,000 8 #l, 1s0 6a,oa) . s ,140,6s0 sa,530 B
Av. 88,490 :55,660 9a,oo5 ]61,150 1 !13S,6S0 02,s60 : L

tests on l/4-in. diam. steel pin (D/~ 4 or ~e%e} . Specimens a in. wide, loaded per-~lel
to direction of grtin. aOriginal thicknesses of materialexoeptfor 14S-T@ A518-T.In which
caaeeflpecimenemereuaohinedfroml/4-W 3- by la-in.forgedatook.
brivepercentdoled ooating On eaoh side. *St reee correepnxiing to offeet of a w rcent of
holediem. from initial straight line partion of load-hole elongation ouxvee ehown in figs. 2 to
1S. (0.005 in. offeet for l/4-in. diam. pin) tTDe of failure(B)BeariW, (8)shear.

●
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.

?
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EFFECTOF SPECIMESPROFWTIONSANDDIRECTIONSOF LOADIWUPORRATIOSOF BK4!UR3
TO TKNSIL$PFiOpKRrIDOF 243-TWEFT.

%-?-ii!1 1
e-

i:17

1.EJ3
----

oe-

wi-1 Pd%i!iW. .
eesIh

lir:;tion

Loadim&
Ts
pai

TYs
pai

T
2.27 1.S6
2.36 1.40

2.37 1.35
---- —-

4
4

i

2
2

3

;

6

8

I-2

71 500
69 400

73000
69 900

70Ooa
70Cao

71 200

69 900
~; ~

70000

69 800

69900

51600
44 8CKI

55 m
47 Soo

45 9W
45 9CQ

54 SW

47 Soo
54 Z30
47 ScQ

45900

47800

47800”

1.45
1.46

1.52
----

1.49
--—

1.56

1.48
1.56
----

----

1.36
----

k%
1.41
----

----
----

1.E!5
1.6Q

M

1.91
2.03

1.92

1.93
1.92
2.05

1.53

1.41

1.03

M
1.23
1.29

----
----

----

—-
----
1.29

---

----

——

l.sa
1.89

p:
.

----
-—

----
----
----

I—--------- --------
----

----
----
----

----
----

----

2.48 ----6 ---

--— —--
2.23 ----
---- ----

----
----

---- --—
-—
.-—
----

----

----

-—-
1.89----

4

4

4

-—-

. ---- I—-.----—-

---- I---- —
-—- ---- I--------

.
● x- oroaa-grein, “W- with-grain.

..

..

.

*
5UOGKSTEDTYPICALRATIOSOF BKARI133TO TKNSILKPKOPERJ!IIS

(P.T.No.040EA2-C)

?roduot

Ts TYs TS TYs ‘E?! TYs

173-Tsheet
243+ sheet
Ale.MS-W sheet 1.5 1.4 1.9 1.6 2.3 1.7
24-S-RIsheet

1.4 2.1 1.6 “

?..4 1.9 1.6

1.2 1.5 1.4

1.4 2.1 , 1.6

3.0 1.6

2.!JI 1.7

t *. u. I 1 1 1 1 t

l--
–. --— 1.5 1.4 1.9 I 1.6 2.3.[ 1.7

t
IA51S-Tthinforgings [ 1.6 I 1.4 - [ 2.1 I 1.6

ratios for-eheet aoroas main are ti-zherhv ratio. . -–
Irose-grein. ‘?-w fromseotipn 0.070 in. thick ( “e h. K-22834).

seotlon approximately 2-3 4 in.

ea,1./4 x S x 12 in.

* 5 per esnt Alolad coating on eaoh Bide,
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Arrangement for bearing tests ueing filar micrometer mlcrogcope for
measurements of hole elongation.
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NACA,Technical”Note.No.901 Figs. 2,3

160,000

3

140,000 ~m
.

.120,000
~ k

m s
>

~ 100,OOO
+
.
% 80,000
a

y 60,000
..-!&
# 40,000

!lll[lll [11 1111 1=

20,000
1{ I II I Ill I I ! 1 I I Ir+
u I u I 11 I I I I I I I ..n

I u 1 u I 1 1 u I u I u I I I u I U I u I I I I I I I

A-3 c-l c-2 c-3

J$::10!;2
r

Hole elongation, in. -—-— —.. —.

Pin diemeter= 1/4 in. A-l,A-2 and A-3: edge distance= 4xpin diameter
Sheet thickness=0.064 in. B-l,B-2&nd B-3: edge distance= 2xpin diameter
Specimenwidth = 2 in. C-l,C-2and C-3: edge dititancti”~ 1.5xpin diameter

Figure 2.-
—.

B-aS.ringstress-holeelongationcurves for aluminumaIloy sheet, 17S-T. -

160,000

140,000

.120,000
2

~loo,ooo
d
.
; 80,000
g

; 60,000

%
L% 40,000

.
20,Cuo

n

. . .

=qO.olop- Hole elongation, in.

Pin diameter= 1/4 in. A-l,A-2and A-5:
Sheet thickness= 0.064 in. B-l,B-2 and B-3:
Specimenwidth = 2 in. C-l,C-2and C-3;

Figure 3.- Bearing stress-holeelongationourves for

.

.-. .

edge distance= 4xpin diameter
edge distance= 2xpin diameter

—

edge distanoe= 1.5xpin diameter

aluminumalloy sheet,24S-T.



NACA TeohnicalNote No.901 Figs. 4,5
160,

140,

& 120,
..+
e
~loo,
l-l
.
~ 80,
ml
3

j “

9“
s 40,

20,

.

Pin diameter= 1/4 in. A-l,A-2
Sheet thickness= 0.064 in. B-l,B-2
Specimenwidth = 2 in. C-l,C-2

Figure 4.- Bearing etress-holeelon~tion
24E-T.

. .
and A-3: edge dietance= 4xpin diameter
end B-3: ed- distance= 2xDin diameter
and C-3: ed& diatenoe= 1.5”xpin diameter

.- .-
curves for aluminumalloy eheet,alolad

Pin diameter= 1/4 in. A-l,A-2and A-3: edge distance=
Sheet thickness= 0.064 in. B-l,B-2 and B-3: edge distance=
Specimenwidth = 2 in. C-l,C-2and C-3: edge distance=

Figure 5.- Bearing stress-holeelon@ion aurves for aluminumalloy

4xpin diameter ‘
2xpin diameter
1.5xpin diameter

sheet,24S-RT.

.-
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NACA TechnioalNote N,o.901 Figs. 6,7

80,000

70,000

; 60,000
4

.:

>50,000
.-l
.
:a)40,000
>m

.= -
/1 I -WI ~.2?30.0001I I

&
d

2 20,0CI0

10,000

0
q 0.00+ Hole elongation”,in.

Pin diameter= 1/4 in. A-l,A-2and A-3: edge distance= 4xpin diameter
Sheet thicknese= 0.064 in. B-l,B-2 and B-3: edge distance= 2xpin di&eter
Speoimenwidth = 2 in. C-l,C-2and C-3: edge distance= 1.5xpin di&fneter

Figure 6.- Bearing stress-holeelongationcurves for aluminum.alloysheet,52S-0.

-+.00+ Hole”elongation,in.

Pin diameter= 1/4 in. A-l,A-2and A-3: edge dietance=
Sheet thickness= 0.064 in. B-l,B-2 and B-3: edge dietanoe=
Specimenwidth = 2 in. C-l,C-2and C-3: edge di&ance =

Figure 7.- Bearing stress-holeelongationourves for aluminumQ1OY

4xpin diameter
2xpin diemeter
1.5xpin diameter

Bheet,52S-1/2H.
. ___
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NACA TeohnicalNote No. 901 Figa. 8,9

,

4

80,000

70,000

< al,ooo..+
m

S50,CKI0
+

&
q

.
v.

:40,000
:

.;30 ,000
&
d

s 20,000

10,000

0
+0.004 ~ Hole elo~tion, in. ;

Pin diameter= 1/4 in. A-l,A-2and A-3; edge distance= 4xpin diameter
Sheet’thickness= 0.064 in. B-l,B-2and B-3: edge distance= 2xpin diameter
Specimenwidth = 2 in. C-1.,C-2and C-3: edge distance= 1.5xpin diameter

Figure 8.- Bearing stress-holeelo~tion c~ves for aluminumalloy sheet,52S-F!.
—

80,

70,

~“do,

d
<XJ50,

.
:
0 40,
;

WC30,

i Z.
9

10,

Pin diameter= 1/4 in. A-l,A-2 and A-3: edge distance=4xpin diameter
Sheet thickness= 0.064 in. B-l,B-2and B-3: edge distance= 2xpin diameter
Speaimenwidth = 2,in. C-l,C-2and C-3: edge distance= 1.5xpin diameter

1

-- .-—

—

. .
—

... -

Figure9,-Bearingstress-holeelongationcurvesforaluminumalloysheet,53S-T.
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Pin diameter= 1/4 in. A-l,A-2.andA-3: edge distanoe= 4xpin diameter
Sheet thickness= 0.064 in. B-l,B-2 ehd B-3: edge di8tance= 2xpin diameter
Specimenwidth = 2 in. C-l,C-2and C-3: edge distance= 1.5xpin diameter

Figure 10.- Bearing stress-holeelongationcurves for aluminumalloy sheet, 61S-T.

Pin diameter= l/4 in. A-l,A-2 and A-3: edge distance= 4xpin diameter
Sheet thiokness= 0.125 in. ‘ B-l,B-2and B-3: edge distanoe= 2xpin di~eter
Specimenwidth = 2 in. C-l,C-2and C-3: edge distance= 1.5xpin diameter

. -,

—-

Figure 11.- Bearing stress-holeelongationcurves for aluminum.alloy forging,14-S-T.
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MO,mo

140,000

&120,000
..+
&
~loo,ooo
A
.
m
g 80,000

~

~ 60,000

~

A 40,000

20,000

0
+o.olop- Hole elongation,in.

Pin diameter= 1/4 in. A-l,A-2 and A-3: edge dit3tanae= 4xpin diameter
Specimenthickness= 0.125 in. B-l,B-2 and B-3: edge distance= 2xpin diameter
Specimenwidth = 2 in. C-l,C-2and C-3: edge dintance= 1.5xpin diameter

3 Figure 12.- Bearing stress-holeelo~tion curves for aluminumalloy forging,A51S-T.

160

140

20

,000

,000

,000

,000

,000

,000

,000

,000

0
fio.olo~ Hole elongation,in.

Pin diameter= 1/4 in. A-l,A-2and A-3: edge distance= 4xpin diameter
Specimenthickness= 0.070 in. B-l,B-2andB-3: edge distanoe= 2xpin diameter
Specimenwidth = 2 in. C-l,C-2 and C-3: edge distance = 1.5xpin diameter

.—

Figure 13.- Bearing stress-holeelongationcurves for aluminum.alloyextrusion,24S-~;
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80,

Figs: 14,15

70,

; 60,
.+
0+
$ 50,
l-l
.
; 40,

;

g3c);
.+
a
: 20,

10,

.-.J

Pin diameter= 1/4 in. A-l,A-2and A-3: edge dist-ce = 4xpin diameter
Specimenthickness= 0.070 in. B-l,B-2and B-3: edge distance= 2xpin &iameter
Specimenwidth =2 ih. C-l,C-2and C-3: edge distanoe= 1.5xpin diameter

Figure 14.- Beari~ stress-holeel~t-ion curves for.aluminymalloy extrusion,5?IS-TP
.

160,000

140,000

420 \OCQ
.+
g

‘1OO,OOO~

.
m

: 80,000
&

~ 60,000

3

~ 40,000

20,000

+0.olop Hole elongation,in. .-

.—

Pin diameter= 1/4 in. A-19A-2
Specimenthickneaa= 0.070 in. B-l,B-2
Specimenwidth= 2 in. C-l,C-2

Figure 15.- Bearing strese-holeelon@tion

and A-3: edge distance= 4xpin diameter
and B-3: edge distance= 2xpin diameter
and C-3: edge distanoe= 1.5xpin diameter

CWVXEI for alumin~all~ y=e~xtrusion,.61.$-Y.—...

.


